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APTHUJR, I). C., ard R. A. 'MARGULIES. The pa!Iwph "vsiohýogv., pres- nocuous skin itching to serious central nervous syst em
entation, adtr(iia','e afairituide-r?/ateddecoinpression sickness associated or pulm onary opoie.Pop igoi n e
wivth h,,po!-ari. chamber operation. Aviat. Space Environ. Nid cmrmss rmt igoi n e
53(5):4S89-4'94, 1982. compression treatment ate essential.

Decompression sicknessfo!towing exur~iols to low atmosphe~ric
pvessurs has r3cantly b~..n a topic of confusion cnd concern. PATH-OPHYSiIOLOGY REVIEW
This article provicies a re~er-ncs for management of decompres-
slon scknsss occur'ng oft er axposur,% to a reductaon in arnb-it At steady state, the body tissues are nor-mdlly equi-
prussue na rrypoharic chamiber. 7h-9 pathophysiology, recog- librated with gases contained in inspired air. The tissue:ý

ainciussiiicatiton, initial management, definitive trawrmngrt, partial pressures of these gases are primaiilv dependent
r.-d eysntual 6*sposiflon of these cases are presented in a form 0-
Nwhich i. appacabia to ail flight surgeons and flight physiologists, on the ambient pressure. the concentration of gas within
especgially t11050 With respons~bility for utilization of hypoboric the breathing mixture, and the rate at which the gas is

either removed or metabolized within the tissue. The
rate of change in the partial pressures of the dissolved

7'-NIE EFFECT OF H YPOBA RIC chamber excursions inert gases is proportional to the gradients between them
I.on one's-ambient pressure is analogous to SCUBA and the ambient partial pressures (more correctly, the

diving and de-ep-sea diving. Inherent, therefore, is the alveolar gas partial pressures); the greater the pressure
possibility of decompression sickness. Th is article sum- gradient, the faster the uptake or elimnination. A too-
m~arizes the pathophysiology, classification, and a phi- rapid reduction in ambient pressure may cause a gradient
losophy for trea-tment of altitude-related decompression so great that the ability of the body tissues and blood
sickness with some practical guidelines for safe hypobaric to hold the gas is exceeded, resulting in bubble formiation.
chombaýr operation. An analogy can be drawn to the opening of a soda bottle

Decomp~ression sickness (,DCS) Is the result of a series too quickly, resulting in rapid liberation of carbon diox-
()f p.-thophysiologic responses to tissue gas evolution ide as bubbles.
brough6*,t -1.out by changes in ambient pressure. Bubbles. A number of factors determine the amount of dis-

whc r r~a~ fo isu qiibimb ato oved gases in the tissues and their rapidity of liberation.
rapid, re&'action in ambitnt pressure, either obstruct Obesity, exercise, age, and, possibly, sex are important
ir'ý: f lo w, cause blood chemistry chanaes, or stretch subject factors (4,13.28,32). Exercise increases uptake

ai~ 2*r"~ctisus he symptouscnrnefo n and elimination by increasing the respiratory rate, car-
it sus. -ms canr. I diac Output, and tissue pei-tus_,ion, increasing the rate of

Dr- A,-.t i, i; cu'rfvný %ia~iviied at the \Nav~tl Air Siation, Cubi Ras del iv.erv/remnoval at the ti~ssue level (9,11,23,
--s an:i Dr. 1M~rd[UiieS iS culrrcitly teachirvj ýtti 24,26.32,41,58). Gas arnd bodyt\ LmJ.erature- and the state

'.-~~~~~~~~~-s~~~f 1111,i" fh ~~at ~n~s 1t~aM. o h subject's hxdration w~ill pmpnrti -lintly af- _t the

rr)r: q pno tl da _ autrarI alrnjt:L~ ; i Z 0, L Udk C ui Ic" Ci(S.W5t5).ŽS
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DECOMPESSiON SiCKNESS--ARTHUR & MARGI ULIES

or c',cnic, may increase susceptibility to DCS in the 4,chokes." and intravascular bubbles (usually venous)
Injur.d area (3,3,7,40,58,. The rate of ascent and the within the. central nervous system .ay result. i CNS
timn at aflitude are the most important fa.ctors in de- symptoms.
termining the rate of elimination and, hence, the like- Dilit-rentiation must be made between evolved gas,
lihood of bubble formation (22,25,41,50,53). trapped gas, and gas liberated within tissue planes.

Body tissues can be categorized by tissue half-times: EVOLVED GAS refers to bubbles within tissues or body
the time required to become one-half saturated with a fluids which are liberated from solution in body tissues.
gas in response to a given increase in ambient pressure. DCS is defined as a manifestation only of evolved gas;
Muscle, for example, has a very short half-time; bone thus a synonym for DCS is "evolved gas dysbarism."
and fat have very long half times. Rates of gas elimi- Symptoms will occur on or after ascent and may become
nation are proportional to rates of gas uptake but prob- apparent after return to ground level. These symptoms
ably take much longer during recompression. A tissue may not be relieved by merely returning to the original

such as fat can take on a large amount of nitrogen since ambient pressure; additional increases in ambient pres-
nitrogen is five times more soluble in fat than in water sure, as in a hyperbaric (recompression) chamber are
(33,35). This tissue, however, eliminates nitrogen very usually required (10,14,21,50,54). A delay in appearance
slowly and supersaturation with subsequent bubble for- of symptoms may be due to the time required for co-
mation can easily occur. Thus, obese people seem to alescence of minute bubbles and for mobilization of
experience DCS more readily than lean people body defenses, which may further add to the insult as
(3,10,13,28,44,58). In diving, this is usually true only described below in the discussion of Type II DCS.
after deep and very long dives when the slow adipose TRAPPED GAS dysbarism is caused by the expansion
tissues can accumulate enough gas for supersaturation ofpreexisting gas within a body cavity, such as the mid-
to occur. In altitude-related DCS, however, the adipose die ear, sinuses, or gastrointestinal tract. Thus, trapped
tissue is initially saturated, possibly predisposing obese gas effects will occur during ascent as the trapped gases
subjects to increased bubble formation within the adi- expand and cause pain, and will be relieved by returning
pose tissues. Although bubbles confined to fatty tissues to the original ambient pressure. This pattern of symp-
do not often result in symptoms, their systemic dissem- tom onset is in marked contrast to that of evolved gas
ination could. effects, where symptoms occur during and after exposure

Unlike nitrogen and other inert gases, oxygen is rapidly to the lower ambient pressure and will usually persist
utilized in the normal metabolism of every cell and is, after return to the original ambient pressure. Proper
therefore, rapidly removed from solution within the tis- treatment requires differentiation between symptoms
sues, decreasing its partial pressure. Breathing 100% due to evolved gas and those due to trapped gas. The
oxygen eliminates the supply of inert gas to the tissues, history of the altitude or diving profile and time ofonset
thereby creating a partial pressure gradient favorable to of symptoms is extremely helpful.
elimination of inert gas (21,59). This principle is applied Likewise. gas which is liberated BETWEEN TISSUE
t:V av'iators who use 100% oxygen from take-off to land- PLANES from a ruptured alveolus is not a manifestation
i',t, thereby decreasing the tissue tension of nitrogen, of DCS. Mediastinal and/or subcutaneous cmphysema
the rnajor constituent of air, and, hence, of the bubbles and pneumothorax are examp!es. A ruptured alveolus
of DCS. (Granted, this is not the primary reason for can also lead to introduction of gas bubbles directly into
oxygen use in aviation.) This "washout" principle is the pulmonary vasculature and, subsequently, the sys-
also utilized when applying 100% oxygen to victims of temic circulation leading to the disastrous consequences
DCS-providing conditions favorable to bubble dis- of gas embolism.
solution while providing an enriched supply.of oxygen It is extremely important to differentiate these symp-
to ischemic tissues. toms from those of DCS to institute proper treatment.

Bubble formation resulting from the combination of For example, recompression therapy is contraindicated
ascent rate and time at altitude (usually the only vani- in pneumothorax (unless DCS is present concomitantly
ables) is the sine qua non of DCS. The reduction in and a chest tube can be inserted) but is necessary im-
pressure can result from either an ascent from ground mediately for arterial gas embolism. Mediastinal em-
level to a high altitude, as in a hypobaric chamber, or physema can also cause symptoms closely resembling
by surfacing from a dive, where each 33 feet of sea water chokes, and recompression is life-saving in the latter,
depth adds 1 atmosphere to the ambient pressure. The but unnecessary in the former. The pressure profile and
sympioms caused by bubbling are dependent on the history of the onset of symptoms are extremely helpful,
location rather than merely the presence of the bubbles. if not crucial, for such differentiation.
Doppler studies have demonstrated that not all divers
who have intravascular bubbles exhibit symptoms of CLASSIFICATION OF DCS
DCS (1,6,42,49,51). Symptoms tend to develop when Decompression sickness (evolved gas dysbarins) can
t'e bubbles are either in a strategic location, when the be divided into three categories ofvarying severit':, skin
lungs cannot eliminate them by rapid diffusion into the bends, Type I DC'S and Type if DCS. The treatment
alveoli, or when the blood chemistry is significantly al- of each is difTfrent and differentiation is mandatory.
tcred. Smnall bubbles, located within tendons or other Skin bends is a manifestation of bubbie formation within
nonexpandable tissues, may cause pain as nerve endings the skin and. when not associated with systemic symp-
-re sttretched, resulting in the classic "bends" or joint toins. is not serious. Many authorities classify skin bends

p . 'o int:,# pulaoin ary to asc,!atrn with k ub- wias tha Ty pe I S, anid treat them identicafli,. reasoning
Nes may rcs.lt In a symptom complex known as that any mani!,estation of bubble formation may serve
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,.• 'rZ-:( or of svstc--ic " f, Wnation r iot et of c-, .,,I p' in, and (dyspea (9235,3).
,'ei Ma i:;.• of thesk,. is said to rep- The patholo y of DC S cons) oti noi o"ly of the d rect

e . .. :I bublle formation; it should be con- mechanical effýcts of bubble formation and migration,
sI n systemc involvement, -utalso their indirect eflk cts on blood elements, vascular

cit.ogori;ed with Type 11 DCS, and treated accordingly tone, and vessel wall permeability (10 46 17)
(7.14.1,18,..38,.,). Skin bis most commonly pre- -Platelets and plasma proteins coat the intrudin' bubble

sen'..s as itching alone, but may include rash formation and increase local coagulation. Once platelet and local
Pnd progress to marbling. Itching must be differentiated vessel damage has occurred, Vessel occlusion is a'g-'ra-
from tte tingling of paresthesias or hypesthensas (de- vated by platelei clumping, fibrin deposition, adri ac-
sc( i d helow), which are serious symptoms. T-he itching tivation of vasoactive agents. Perivascular dana is
of skin bends is somewhat relieved by application of compounded by the local inflammatory response to in-
direct pressure to the area. whereas direct pressure will jury. Hence, it is extremely important to tre.a victims
have no eflkct or will aggravate paresthesias. Skin bends of DCS as rapidly as possible to prevent irreversible
is usually localized, but may involve a large area such local changes which make recovery' and rehabilitation
as an entire extremity or the torso, but will not follow difficult. Platelet and coagulation changes occur within
dermatome distributions. minutes; the inflammatory' response is delayed, requiring

Type I DCS describes the classic entity of "pain only" hours to develop.
bends. Specifically, Type I DCS includes pain confined Adequate treatment necessitates prompt diagnosis and
to the legs or arms. This pain may be aggravated by differentiation of DCS from less serious pathology. Cau-
movement and may be relieved by direct pressure on tion must be exercised when the diagnosis of skin bends
the area, e.g. with a sphygmomanometer cuff or Type I DCS is made, since their presence. may fore-
(18,38,41.50). The pathophysiology probably consists shadow the -development of Type II DCS symptoms
of small bubbles within the tendons, etc., which cause (3,7,14-16,18,25,38,50). Symptoms can develop on as-
pain by mechanical distortion (29,33-35,38,50). These cent but are, more often; delayed as bubbles coalesce
can be no association with systemic symptoms for clas- and the indirect effects accumulate. Thus, all participants
sification as Type I DCS. Once again, caution must be in chamber runs should be observed for at least I h
exercised to differentiate this pain from paresthesias, after return to site level. The flow chart of Fig. I is
hypesthesias, or referred pain from central Isites. designed to facilitate initial assessment and maragernent.

Type II DCS includes all other manifestations of
eVolved gas pathology. These are 11 pain elsewhere than
cited above, 2) any CNS symptom, and 3) pulMonary INITIAL MANAEMEN
manifestations (chokes). Pain in the head, neck, or torso The nature of DCS pathology mandates recomnpression
is classified as a Serious symptom. Although isolated therapy to shrink or elIniinate the offending bubbles. If
hip and shoulder pain may not be a serious symptom, bubbles obstruct cerebral or coronary blood flow. for
t1'e pain may represent referred pain from visceral sites. example, CPR and other life-saving procedures will be
Therefore. when hip and shoulder pain cannot be de- inefiKctive without recompression. The function ofinitial
termined to be of musculoskeletal origin, inclusion as management is stabilization for immediate medevac to
a Type II DCS symptom will assure proper treatnient. a hyperbaric facility. Table I lists the suggested supplies
Caution must be exercised in excluding the diagnosis for the on-site medical locker.
of Type II DCS in favor of a "trapped gas syndrome" Provisions for prompt initial, management and triage
(barotra uma) manifesting as abdominal, sinus, or ear must be arranged prior to chamber operations. Partic-
pain. Obstruction of the blood supply to some part of ipants must hold a current Clearance Notice ("up chit")
the central nervous system can become apparent as a and not have been SCUBA diving within the past 24 h
deficit in any component of CNS function (12,17,36,53). (5,20,54). Exposures to above FL200 should not be re-
The spinal cord is involved frequently, resulting in par- peated within 48 h and those to below FL200 within
esthesias along dermatomes or any ofa variety of motor 24 h owing to the reported increased incidence of DCS
deficits ranging from segmental diminution in strength in these groups (18,20,38,39,43).
to quadraplegia. Intracranial pathology can impair any Suspicion of DCS (a "hit") mandates immediate de-
of the cranial nerves or cause regional deficits identical scent to site level as rapidly as practical, simul:aneous
to the symptom pattern of a stroke, including seizure activation of prearranged medical attention, and evac-
activity and cardio-respiratory collapse. CNS symptoms uation to a definitive hyperbaric treatment center. A
can also manifest themselves qualitatively as changes flight surgeon should be no more than 5 rain from the
in the Mental Status Examination, such as subtle changes chamber during and for at least I h after the run to
in mood, unwarranted fatigue, memory deficits, illusions, allow immediate diagnosis and triage.
hallucinations, etc. Additionally, the inner ear can be The initial treatment for Type I and Type I1 DCS
involved veilding vestibular (the -stag~gers) and. au- (skin btends without marbling or association with svs-
diaory symptoms. High spinal cord and intracrania! in- temic symptoms does not require treatment) consists of
vo!vernent are most common in aviation-related DCS, 100% oxygen and rest in the left lateral Trcndelenberg
whe'reas lower spinal cord "hits", most frequently pre- position (in an attempt to prevent :-v venous bubbles
S%'ntin" 'as para.pa-,si,, are more frequent in diving from reaching the "cfl side ofth K:c and subsec tn'tv.
I..'',: .. 1,50n. Cho.,e.s is a manifestation of DCS re- the ar-terial circu!atiann' Tp II C.- :,ssoia' d I with

., ': :r m the accum ularicon (., ubib I 11i 0 I' , •p"l- ,•n" .d-iem orat~on m!" viI' " s' ..S sl 3- cý" ij. s
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st.oort measure's enroute. Iftran':o'ta~ion nmust be by a Type I! hit. Repeated incidents of Type I DCS do not

air. cabin pressUre should be kept as close to I atrno- preclude reexposure, but a second Type 11 DCS episode,phere as possible (48). Primary and alternate re- should warrant evaluation of the subject's fi-ess to
compression facilities should be identified, their daily undergo furthere-%posuresto hypobaricconditions. Spe-
status ascertained before chamber operations begin, and cifically, predisposing factors should be investigatc--d.
d.rivers should be familiar with the best routes to these Decompression sickness is a serious illness for which
facilities. Prior liaison with the recompression facility there is only one safe and efficacious treatment. SuspicioP
will ensure a smooth evolution, of 1)CS should mandate recompression. Since the signs

if a physician familiar with DCS is not IMMEDI- and symptoins ofdecompression sickness are often sub-
ATELY available, arrangements should be made for tie and confusing, any questions involving diagnosis or
im1,mediate transport to a recoiapression facility if the initial management should be promptly referred to the
experienced flight physiologist suspects DCS. Diagnosis diving physician at the hyperbaric facility. In addition,
of DCS does not require consultation with a physician. 24-h consultation is also available from the Experimental

Diving Unit in Panama City, FL, at (904) 234-4351
.DEFINITIVE TREATMENT- (5,6,10,12,14,21,33, (AUTOVON 436-435 I) and through Duke University's
40,48,50,52,54,59) Diving Accident Network at (919)684-81 11.
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